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Abstract
Manual time and motion studies are the most common method to collect forest harvesting 
machine performance data. However, manual methods require skilled observers and are gener-
ally limited in duration, making it difficult to obtain a sufficiently large sample for machines 
with long cycle times such as skidders and forwarders. Of the automated data capture tech-
niques studied previously, few have the breadth and ease of application to conduct long term 
autonomous studies for a range of harvesting machines. Analysis of Global Positioning System 
(GPS) data has been successfully trialled previously to conduct time studies of comparable 
accuracy with skilled observers, however, these approaches have been limited by the need for a 
degree of manual data processing.
The current study trialled a fully automated system using analysis of GPS and vibration 
sensor data to estimate cycle times and time elements, and compare them with those determined 
using traditional time and motion studies for three forwarders at different sites. The mean 
difference between the cycle times estimated by the two methods was <1 second. This demon-
strated the automated system’s ability to accurately determine each log landing location and 
extent and each work cycle start and end points. The correspondence between time elements 
using each approach was poorer. This was mainly caused by mislabelling of brief periods by 
the automated system as loading events when the forwarder slowed to negotiate steep areas at 
one study site. These errors may be able to be addressed by adding further rules to the auto-
mated system.
Keywords: forwarder, global positioning system, multidat, automated time study, vibration 
sensor
1. Introduction
Time and motion studies of forest harvesting ma-
chines	are	an	important	component	of	forest	opera-




tion studies. However, traditional manual time and 
motion	studies	of	forest	harvesting	machines	are	typ-




minimise data collection errors (Nuutinen et al. 2008) 
and	can	bias	study	results	by	influencing	the	opera-






est harvesting time and motion studies lies in the vari-
ability	in	the	number	and	type	of	work	elements	mak-
ing	up	a	work	cycle.	For	example,	a	forwarder	may	
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traditional time and motion study techniques and 
their	movements,	location	and	speed	largely	define	the	
activities	they	perform.	In	addition,	their	long	cycle	



























data from a forwarder to accurately estimate the for-
warder	total	cycle	time	and	the	type	and	duration	of	
individual time elements.
2. Material and methods
Three	sites	were	used	in	the	study	(Table	1).	Two	
sites were in short rotation Eucalyptus globulus	planta-
tions	being	clearfelled	for	chiplogs	(each	studied	for	a	
part	day)	and	one	was	in	a	thinned	Pinus radiata	plan-








the	 forwarder	 had	 completed	 unloading	 and	was	
about	to	start	travelling	empty.	Cycles	were	divided	
into	 the	 following	 time	 elements:	 »Travel	 empty«,	
»Loading«,	»Moving	during	loading«,	»Travel	load-
ed«,	 »Unloading«,	 »Movement	 during	 unloading«	
and	»Delays«	(Table	2).
2.1 Automated time study system
Multidat	data	loggers	equipped	with	an	internal	
GPS	receiver	(Garmin	GPS	15	(12	parallel	channels,	
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below	the	user	defined	thresholds	(1	kmh-1 and 8 m, 
respectively).	This	definition	allowed	 for	occasions	











Table 1 Site and forwarder details
Location Central Victoria South-west, Western Australia South-west, Western Australia
Species Eucalyptus globulus Eucalyptus globulus Pinus radiata
Mean tree volume, m3 0.16 0.14 1.4
Age 12 10 32
Slope, ° <5 <5 7–24
Forwarder Valmet 890.2, >10.000 engine hours Valmet 890.4, 3500 engine hours Valmet 890.3, >9000 engine hours
Table 2 Forwarder time element definitions
»Travel empty«
Starts when forwarder commences travel into the harvest area from the log landing and ends with start of the first crane movement 
to collect logs
»Loading«
Starts with commencement of crane movement to collect logs and ends when the forwarder commences another element. Includes 
adjustments to the logs on the bunk
»Moving during
loading«
Movement between log piles with no crane movement. Starts when the wheels begin to rotate and ends when crane recommences 
movement. Simultaneous crane and wheel movement is recorded as loading
»Travel loaded« Starts when travel to the log landing with a load and ends when wheels cease to rotate or grapple commences to move at the log landing
»Unloading«
Starts with commencement of crane movement, with an empty grapple, towards the forwarder bunk and ends when the forwarder 
commences another element. Includes adjustments to the log stack
»Moving during
unloading«
Movement between log stacks at the log landing with no crane movement. Starts when the wheels begin to rotate and ends when 
the crane recommences movement to the forwarder bunk. Simultaneous crane and wheel movement is recorded as unloading
»Delay« Any interruption causing the forwarder to cease working during a shift
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2.2 Time and motion studies
At the two Eucalyptus globulus sites, forwarder ele-
mental	times	(Table	2)	were	recorded	by	single	observ-
ers	using	the	TimerPro	Professional	software	(www.
acsco.com) installed on a Personal Digital Assistant 
(PDA). At the Pinus radiata site, the forwarder activities 
were	captured	using	a	digital	video	camera	and	ele-








the	 T&M	 and	ATSS	 values),	 limits	 of	 agreement	
(bias	±1.96	x	standard	deviation	of	the	bias	(SD)) and 
percentage	error	(1.96	x	SD	divided	by	the	mean	ATSS	











ATSS	and	manual	T&M	(8	per	Eucalyptus globulus site, 
15 at the Pinus radiata site). At the Pinus radiata site, the 
GPS	signal	was	lost	for	periods	of	approximately	 







100% of the forwarder cycles.






»Unloading«	 times	and	»Delay«	 times	were	 the	
most	consistent	elemental	times	between	the	ATSS	and	
Fig. 1 Example of GPS points representing a forwarder cycle show-
ing »Travel empty«, »Loading«, »Travel loaded« and »Unloading« ele-
ments and a log landing
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Table 3 Mean, limits of agreement, percentage error and RMSE of cycle times and elemental times for travel empty, loading, travel loaded, 
unloading and delays (minutes)
Cycle or elemental time Mean (ATSS) Mean (T&M) Limits of agreement % error RMSE
»Cycle time« 34.2 34.2 –1.0 to 1.0 2.9 0.48
»Travel empty« 2.9 3.5 –2.2 to 3.4 86.4 1.5
»Loading« 11.0 10.4 –4.9 to 2.16 39.4 2.2
»Travel loaded« 2.6 3.0 –3.4 to 4.2 130.8 1.9
»Unloading« 9.8 9.2 –3.2 to 2.2 27.9 1.4
»Delay« 5.6 5.9 –1.3 to 2.1 29.2 0.96
Fig. 2 a) Plot comparing ATSS and T&M cycle times (1:1 line shown); b) Difference in cycle times (T&M–ATSS) (%) against the mean of 
ATSS and T&M cycle times with mean difference (short dashes) and limits of agreement (long dashes)
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Fig. 3 Plots comparing ATSS and T&M elemental times a) »Unloading time«; b) »Travel empty time«; c) »Travel loaded time«; d) »Loading 
time«; e) »Delays«
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Fig. 4 Difference in elemental times (T&M–ATSS) (%) against the mean of ATSS and T&M elemental times with mean difference (short dashes) 
and limits of agreement (long dashes) a) »Unloading time«; b) »Travel empty time«; c) »Travel loaded time«; d) »Loading time«; e) »Delays«
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automated	productivity	 studies	 is	 that	 there	 is	 no	
means	of	determining	 the	product	 types	 and	 load	













































































rors mainly occurred during the Pinus radiata study 





centage error values, however they were still outside 
the	limit	of	acceptability.	McDonald	and	Fulton	(2005)	
similarly found in their study that unusual events 
caused	the	poor	correspondence	between	automated	
and	manual	time	estimates	for	some	skidder	work	el-
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5. Conclusion
Time and motion studies of forest harvesting ma-
chines	are	an	important	component	of	forest	opera-
tions research. However, traditional time and motion 
studies	are	generally	impractical	for	long	term	studies.	
In the current study, the mean forwarder cycle time 
estimated	using	automated	analysis	of	GPS	and	vibra-
tion sensor data was less than 1 second from the mean 
cycle time determined from traditional time and mo-
tion	studies.	The	percentage	error	was	also	well	with-
in	the	limit	of	acceptability.	For	harvest	areas	produc-
ing	 a	 single	 product,	 combining	 the	 cycle	 times	
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